Photosensitization of mitochondrial cytochrome c oxidase by hematoporphyrin derivative and related porphyrins in vitro and in vivo.
Mitochondrial cytochrome c oxidase activity was inhibited by exposure to hematoporphyrin derivative followed by photoirradiation. Inhibition of enzyme activity in vitro was a dose- and time-related event, the log of percentage inhibition being linear with time. Exposure of mitochondria to hematoporphyrin or hydroxyethylvinyldeuteroporphyrin sensitized mitochondria to photoirradiation, whereas protoporphyrin IX was only weakly active as a photosensitizer for inhibition of cytochrome c oxidase. Mitochondria from mammary glands of pregnant rats showed hematoporphyrin-induced photosensitivity similar to those from R3230AC mammary adenocarcinomas. Mitochondria prepared from tumors of animals given injections of hematoporphyrin derivative in vivo and then photoirradiated in vitro demonstrated considerable sensitivity to light as reflected by significant inhibition of cytochrome c oxidase activity. A side by side comparison of hematoporphyrin derivative with hematoporphyrin, using this in vivo-in vitro experimental protocol, indicated that photosensitivity was retained for a longer time after treatment with hematoporphyrin derivative. Taken together, these data provide a potential mechanism of action, i.e., inhibition of respiration, for porphyrin-induced photosensitivity, and they offer a useful assay to investigate this family of therapeutic agents.